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Purpose Increased fibrinogen levels may trigger cardiac events in patients with atherosclerosis. Early
control of fibrinogen levels before the progression of atherosclerosis that occurs with aging and menopause
may benefit women, but the effects of exercise on fibrinogen levels as a preventive value have not been
examined in early to middle adulthood women with lack of regular exercise. The present study aims to
identify the effect of an off-site walking-based exercise program on fibrinogen levels in such women.
Methods A prospective, 12-week, randomized and controlled study was used. Fifty-two women aged 32
to 57 years who did not exercise regularly or exercised with a weak intensity level were randomly assigned
to either an intervention group (IG, n = 26) or a control group (CG, n = 26) for a 12-week study. Exercise
energy expenditure (EEE) was measured using a microelectronic device. Fibrinogen levels were assessed
using the clotting time method before and after the exercise program.
Results The mean change from baseline EEE was 1.17 ± 0.98 kcal/kg/day in IG subjects (n = 24) and
0.46 ± 0.68 kcal/kg/day in CG subjects (n = 25), a 30% difference between groups (p = .01). The mean change
in fibrinogen levels was –8.0 ± 34.5 mg/dl (3% decrease) in IG subjects (n = 24) and –3.6 ± 40.0 mg/dl (1%
decrease) in CG subjects (n = 25). No significant difference in fibrinogen levels was seen between groups
(F = 1.179, p = .279).
Conclusion EEE increased significantly, but fibrinogen levels did not decrease significantly. The effects
of a 12-week off-site walking program on fibrinogen levels were inconclusive. As implications for nursing
practice, our findings have suggested fibrinogen levels are not a novel cardiovascular risk factor any more,
and provide important information on safe exercise to minimize adverse effects from fibrinogen arising
from exercise intensity, especially in women with advanced atherosclerosis when nurses increase exercise
intensity levels. Further studies with larger sample sizes in women to confirm the effect of exercise on
reducing fibrinogen levels are necessary. [Asian Nursing Research 2008;2(1):35–45]
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INTRODUCTION
The life expectancy of women in Japan has been
increasing. Because the incidence of cardiovascular
disease increases with age, consequently there has
been an increase in the number of women with car-
diovascular disease in Japan (Nakamura, Sakata,
Ojima,Tanihara, & Yanagawa, 1997). Exercise during
early adulthood has been recommended (Caspersen,
Pereira, & Curran, 2000) to help mediate athero-
sclerosis, which causes cardiovascular disease. In many
Japanese women with a sedentary life style, athero-
sclerosis has already progressed significantly before
age 40 compared with women who take part in
some type of physical activity (Miyazaki et al., 1998).
However, only one-fifth of women around the age
of 40 exercise regularly, although this number slightly
increases to one-third of women older than 60 (data
from Ministry of Health, Labor and Welfare, Japan,
2004).
Exercise is beneficial even if begun later in life
(Rothenbacher, Koenig, & Brenner, 2006), but some
studies warn that exercise causes adverse effects
among subjects who already have atherosclerosis
(Hilberg, Nowacki, Muller-Berghaus, & Gabriel, 2000;
Montgomery et al., 1996;Tisi, Hulse, Chulakadabba,
Gosling, & Shearman, 1997). In particular, strenu-
ous exercise enhanced both coagulation and fibri-
nolytic potential (van den Burg, Hospers, Mosterd,
Bouma, & Huisveld, 2000). These adverse effects
occur because of increased fibrinogen levels triggered
by catecholamine release as well as by local ischemic
effects that occur during exercise, which may accel-
erate the preexisting prothrombotic potential of the
atherosclerotic vessel wall (Mustonen, Lepantalo, &
Lassila, 1998; van den Burg et al., 1995). With in-
creased fibrinogen levels and preexisting advanced
atherosclerosis, habitual behaviors such as sitting up
and standing up abruptly may trigger a cardiac
event, as platelet aggregation occurs as a result of
compensatory homeostatic mechanisms responding
to the initial decrease in central blood volume and
stroke volume from the heart induced by such pos-
tures (Ahmadizad, EI-Sayed, & Maclaren, 2006a;
Muller, Tofler, & Stone, 1989). Fibrinogen levels
have been recognized as a novel cardiac risk factor
(Hughes, 2003), but the progression of atheroscle-
rosis in women who do not exercise regularly may
result in a critical condition that arises from changes
in fibrinogen levels in conjunction with physical
activity.
A single bout of exercise in patients with coro-
nary artery disease (Lee, Blann, Ingram, Jolly, & Lip,
2005) or conditioning exercises in elderly subjects
(Schuit et al., 1997) have been shown to increase
fibrinogen levels, and increased fibrinogen levels
can trigger cardiac events (Germing et al., 2000). In
contrast, fibrinogen levels were not shown to increase
in young healthy subjects undergoing a condition-
ing 12-week exercise program (EI-Sayed & Davies,
1995). Chronic physical fitness for 10 weeks has
been shown to decrease fibrinogen levels in young
healthy subjects (Montgomery et al., 1996). Fur-
thermore, physically active people tend to have
lower fibrinogen levels (Fransson,Alfredsson, de Faire,
Knutsson, & Westerholm, 2003; Koenig & Ernst,
2000; Pitsavus, Panagiotakos, Chrysohoou, Kavouras, &
Stefanadis, 2005).
These findings suggest fibrinogen levels are critical
when exercise is initiated, and that an exercise pro-
gram in early adulthood, continued into later years,
may help control risks associated with increasing fi-
brinogen levels that occur after the menopause and
with aging (Brunner et al., 1993; DeSouza, Jones, &
Seals, 1998). In addition, these findings suggest that
low to moderate intensity of exercise, for example,
walking for a short-term, do not affect fibrinogen
levels compared with a single bout of exercise or
endurance training, which can affect fibrinogen levels.
Thus, moderate exercise enhances blood fibrinogen
activity without a concomitant activation of blood
coagulation mechanisms (El-Sayed, Sale, Jones, &
Chester, 2000). Brisk walking, which is moderate
intensity exercise, increased exercise energy expen-
diture for a 12-week intervention in middle-aged
women (Yanagibori, Kawakubo, Gunnji, Aoki, &
Miyashita, 1993). However, most of the exercise in
those studies was measured by self-reported ques-
tionnaires, which may result in less accurate data
due to the subjective nature of data collection
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(Wilber, Chandler, & Miller, 2001). Objective data,
such as exercise energy expenditure (EEE), are needed
when the effects of exercise intervention are evalu-
ated (Furukawa et al., 2003).
Several theories have been suggested to explain
the role of exercise in reducing fibrinogen levels. One
mechanism of decreased fibrinogen levels induced
by exercise may be an increase in circulating plasma
volume due to a plasma shift from the intravascular
space to the extravascular space (Ahmadizad, EI-
Sayed, & Maclaren, 2006b; EI-Sayed,Ali, & EI-Sayed,
2005; El-Sayed, Jones, & Sale, 1999).Another expla-
nation is that changes in adiposity are affected by
metabolic variables (Bodary et al., 2003). For example,
adiposity is associated with inflammation, which
may stimulate fibrinogen formation; adiposity lost by
EEE leads to a decrease in fibrinogen levels; in addi-
tion, cytokines, which induced an acute phase reac-
tion that increases fibrinogen levels, may be reduced
by exercise (Panagiotakos, Pitsavos, Chrysohoou, &
Kavouras, 2005).
According to important recognition of the adverse
effects of exercise intensity under progressed athero-
sclerosis with aging and menopause (Sakakibara,
Fujii, & Naito, 2004; van den Burg et al., 2000), first
the effects of weak to moderate intensity exercise
on fibrinogen levels in healthy women must be con-
firmed prior to a study focused on female patients
with high fibrinogen levels, because we have little
evidence about how fibrinogen levels are changed
by weak to moderate exercise in the Japanese female
population. Even the effects of short-term exercise
on fibrinogen levels in early to middle aged adult
healthy women are still unknown. It is necessary to
identify the effects of moderate intensity exercise
measured objectively over a short-term on fibrino-
gen levels in such women for development of a
strategy for the early prevention of cardiovascular
disease occurring in their later life.
Accordingly, the primary purpose of this study
was to test the hypothesis that differences in fibrino-
gen levels in healthy working women who take an
exercise intervention program are the same as those
in healthy working women who do not take it.To test
the hypotheses, including a secondary hypothesis for
exercise energy expenditure, we performed a pro-
spective, 12-week, randomized study with a control
in early to middle aged adult working women who
did not exercise regularly. Plasma fibrinogen levels
and EEE during off-site walking-based physical
activity were the major outcomes of our study. EEE
was defined as kcal/1 kg of body weight/day meas-
ured objectively by a pedometer with an accelerom-
eter. Also, subjects who did not take the exercise




This study is part of a previous study that reported
exercise effects on serum lipid levels and glucose
metabolism (Furukawa et al., 2003). Female nurse
managers aged 30–59 years were recruited from a
general hospital in Japan. Participants had to be
working full-time, tenured in a management position
for more than 2 years, and with a lack of regular
exercise (3–4 times per week for more than 1 year).
We used these inclusion criteria because daily phys-
ical activity, especially in women with a lack of reg-
ular exercise, is determined by types of occupation
(Piazza, Conrad, & Wilbur, 2001). Based on the
study of Piazza et al., we assume that physical adap-
tation to a life style may occur after more than 2 years,
and that walking-based physical activity undertaken
by nurse managers is less than that undertaken by
staff nurses. Subjects were excluded if they had
been instructed not to exercise for medical reasons
or pregnancy. In this report, which focuses on the
effects of exercise on fibrinogen levels, 52 subjects
aged 32–57 years were willing to participate in the
study. Also, for safe practice, subjects with an abnor-
mal atherosclerotic index (i.e., ratio of total choles-
terol [TC] to high density lipoprotein cholesterol
[HDL-C]) (Raider, Stampfer, & Rifai, 2001) were
excluded to avoid the adverse effects arising from
fibrinogen levels on atherosclerosis. However, there
were no subjects excluded due to a high TC/HDL-C
ratio in the study.
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Study design
The study was conducted from November 1998 to
January 1999. Subjects were recruited from the
nursing department of a general hospital in Japan.
A researcher approached this hospital because of its
large size as a general hospital. The first approach
for recruitment was done at a meeting to explain
our study. Then cards were distributed to ask nurses
about their intention regarding participation in the
study; these cards were collected by mail. Based on
the response of the cards, details of the study were
provided. Those who agreed to participate were
randomly allocated into two groups using the enve-
lope method: inside each envelope was the number
of a unit. When an envelope was selected, the nurse
manager on that unit was assigned to either the
intervention group (IG) or the control group (CG).
The first envelope to be picked was allocated to the
IG; the second was allocated to the CG, alternating
between groups. The IG (n = 26; age, 40.8 ± 5.1
years) was given instructions to follow a special
exercise program and subsequently followed up
weekly over 12 weeks.The CG (n=26; age, 42.1±6.9
years) was instructed to continue with normal daily
activities: exercise was allowed if it was part of the
normal routine. The study was approved by the
Institutional Review Board of the hospital where
the data were collected and by the Review Board of
the University of Tokyo, where the primary investi-
gator was enrolled. Written informed consent was
obtained from all subjects.
Off-site walking program designed for the study
The exercise intervention was designed to increase
the level of exercise.The program has been described
previously (Furukawa et al., 2003). The walking
program for IG subjects was individualized, and
subjects were actively involved in planning the time
and place of any walking exercise during the 12-
week period. A target level of EEE brought on by
walking-based activities was specified as 5 kcal/1 kg
body mass/day. The walking program consisted of
combined brisk walking, which was defined as a com-
bination of intense and intermittent brisk walking.
Intense walking involved at least 20–30 minutes of
brisk walking, two or three times per week. Intermit-
tent walking involved an accumulation of brisk walks
taken at any time during daily activities, either at
home or at work. IG subjects were encouraged to use
combined brisk walking. Subjects were instructed
on the method of walking orally as well as via a
brochure. The method of walking in the IG was
evaluated by a walking specialist in a small group at
week 2.Then, subjects in the IG continued their own
plan while they kept an exercise journal regarding
any feelings or concerns. The daily walking-based
physical activity, appearing as EEE on the screen of
the measurement tool, was observed by the IG.
However, subjects in the CG were told not to look
at the inside of the measurement tool so that they
would not see their EEE.
Outcome variable and measurement: EEE
A small microelectronic device with an accelerome-
ter and expanded memory was used in all subjects
to measure EEE. The function and structure of the
device (Lifecorder®; Suzuken Co., Nagoya, Japan)
are described elsewhere (Furukawa et al., 2003).
The device is a small light microcomputer designed
to estimate the EEE of daily activity through use of
a step-counter pedometer; EEE is based on walking
speed. The device is programmed with the subject’s
age, height, weight, and sex to provide an adjusted
basal metabolism for computing total energy, exer-
cise energy, number of steps taken, and pattern of
walking. All data were transferred to a computer for
analysis. The accuracy of the device as a measure-
ment tool for EEE has been confirmed previously
(Suzuki, Kawasaki, & Shimizu, 1997).The device was
worn during daily activity, and taken off while sub-
jects slept.All subjects were asked to wear the device
for more than 12 hours per day and for more than
90% of the 12-week exercise period; these time peri-
ods were regarded as necessary to provide a valid
measurement for each individual (Rogers et al., 1987).
Before the exercise program was started, the
Lifecorder® was used in all subjects to provide a base-
line value of ordinary daily EEE from walking for 
a week. On the first day of the first week of the
intervention, body weight and height were measured
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in all subjects. Subjects in the IG then underwent
training for the off-site individual-based walking
program. Subjects in the CG were told to continue
their daily activities as usual. On the first day of the
13th week, the Lifecorder® was removed from all
subjects, and measurements were discontinued.
Outcome variable and measurement: fibrinogen
To measure fibrinogen levels, blood samples were
taken from subjects in both groups via the median
cubital or lower cephalic vein of the left hand after
12 hours of fasting. Samples were taken on the first
day of the first week of the intervention and again
on the last day of the study. Serum was separated by
slow centrifugation and frozen within 1 hour of col-
lection by a certified medical technologist.The blood
samples were analyzed within 32 hours by a labora-
tory (SRL Co. Ltd.,Tokyo, Japan) with external valida-
tion from the New York State Department of Health
Proficiency Testing and the College of American
Pathologists Survey.The thrombin clotting time meth-
od was used for fibrinogen analysis.
Measurement of demographic and other health
information
A self-assessment questionnaire was used to gather
demographic and other health variable information.
Survey questions included age, years of employment,
marital status, menopausal status (menopause was
defined as more than 12 months without a menstrual
period), smoking, drinking, and habitual waking be-
havior (i.e., sudden upright posture or slow body
movement). Body mass index (BMI) was calculated
as body mass in kilograms divided by height in square
meters.
Statistical analyses
To obtain a power of 80% with a medium effect
size by using an α of .05 (Cohen, 1988), 74 subjects
were needed for this study. However, we were only
able to recruit 52 subjects. This may affect the high
possibility of a Type II error. For testing of mean
changes of energy expenditure between groups, the
unpaired Student’s t test was used. Because of the
small sample size, baseline characteristics that could
affect fibrinogen levels were adjusted by using a co-
variance analysis if they were significantly different
between the two groups. Then, for actual fibrinogen
levels, the unpaired Student’s t test was used to test
the significance of mean changes in fibrinogen levels
between groups. Furthermore, the statistical analy-
sis of fibrinogen data was carried out using repeated
measurements analysis of variance (ANOVA) to com-
pare fibrinogen levels of IG and CG subjects before
and after the intervention. A p value less than .05
was considered statistically significant. The Statistical
Analysis System version 6.12 (SAS Institute Japan
Ltd., Tokyo, Japan) was used for analysis. Data from
withdrawn subjects were excluded from the analysis.
RESULTS
Two subjects from the IG group were withdrawn
due to health problems unrelated to exercise and
one subject from the CG group was withdrawn due
to pregnancy. Thus, 49 subjects completed the study
(24 IG subjects, 92%; 25 CG subjects, 96%).
Results showed that 92% (22 of 24) of the IG
and 100% (25 of 25) of the CG subjects met the
study requirements in terms of wearing the device
for the appropriate time period. Because the low
number of subjects included in the study meant the
study was not appropriately powered to show sta-
tistical differences between groups, all subjects who
met the study requirements were used for analysis.
Baseline characteristics are shown in Table 1.
The only significant difference between groups was
in BMI (IG subjects had a significantly higher BMI
than CG subjects; p = .02). The mean change in
EEE/kcal/1 kg body mass/day was 1.17 ± 0.98 kcal/
kg/day in IG subjects (n = 24) and 0.46 ± 0.68 kcal/
kg/day in CG subjects (n = 25), a 30% difference
between groups (p = .01). Changes in fibrinogen
levels were adjusted for the statistically significant
difference in BMI between groups and values were
confirmed (F = 1.4, p = .24). This statistical insignifi-
cance indicated there was no influence of BMI on
fibrinogen. Thus, for actual values, mean changes 
in fibrinogen levels were tested. Results showed
Effect of an Off-Site Walking Program
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Table 1
Baseline Characteristics
Intervention group (n = 24) Control group (n = 25) p
Age (years) 40.8 ± 5.1 42.1 ± 6.9 .43a
Years employed 19.3 ± 4.9 20.1 ± 7.0 .64a
Body mass index (kg/m2) 24.5 ± 4.9 21.8 ± 2.3 .02a
Height (cm) 156.3 ± 6.7 155.9 ± 4.9 .81a
Body mass (kg) 59.7 ± 11.0 53.0 ± 6.7 .01a
Self-reported medical history .25b
Hypertension 1 (4) 0 (0)
Arrhythmia 1 (4) 4 (16)
Anemia 1 (4) 0 (0)
Other 5 (21) 4 (16)
Hormone user 0 (0) 0 (0) NSb
Marriage status .16b
Married 18 (75) 14 (56)
Other 6 (25) 11 (44)
Menopausal status .61b
Premenopausal 23 (96) 23 (92)
Perimenopausal 0 (0) 1 (4)
Postmenopausal 1 (4) 1 (4)
Smoking .32b
Smoker 7 (29) 3 (12)
Ex-smoker 2 (8) 3 (12)
Never smoked 15 (63) 19 (76)
Behavior at awakening .48b
Sudden upright posture 12 (50) 10 (40)
Slow body movement 12 (50) 15 (60)
Regular exercise .47b
2–3 times/week 1 (4) 0 (0)
Once a week 2 (8) 1 (4)
None 21 (88) 24 (96)
Reason for no exercise .56b
Lack of time 20 (83) 21 (84)
No facilities 4 (17) 3 (12)
No company 0 (0) 1 (4)
Note. Values are mean ± SD or n (%).
aUnpaired Student’s t test (intervention group, n = 24; control group, n = 25); bχ2 test (intervention group, n = 24; control group, n = 25
in all variables).
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–8.0 ± 34.5 mg/dl (3% decrease) in IG subjects and
–3.6 ± 40.0 mg/dl (1% decrease) in CG subjects
(p = .68) (Table 2). Using repeated ANOVA, no sig-
nificant difference in fibrinogen levels was found
between groups (F = 1.197, p = .279).
DISCUSSION
Our study was conducted to identify the effects of
an off-site walking program on fibrinogen levels and
EEE in healthy early to middle aged adult working
women. EEE in IG subjects increased significantly
(a null hypothesis was rejected), but fibrinogen levels
in CG subjects did not decrease significantly (a null
hypothesis was not rejected).Yanagibori et al. (1993)
reported that exercise energy expenditure increased
by using individual-based exercise in the home in
addition to exercise taken at on-sites group exercise.
The walking program of our study increased EEE,
but it could not reach the target level. This might
occur because our study did not include group exer-
cise. To reach the target level, group exercise will be
useful, but it is not applicable for working women
due to time constraints. However, EEE increased by
off-site walking up to 5 kcal/1 kg of body mass/day
might be expected to decrease fibrinogen levels by
more than that found in the IG subjects this time.
Even though there were larger changes in fi-
brinogen levels in the IG subjects than CG subjects,
the differences were not significant.There are several
possible explanations for these findings. First, EEE
increased by 14% (3.42 ± 0.87 to 3.88 ± 0.81 kcal/
kg/day) in CG subjects. We did not expect any
increase in EEE in CG subjects, but such an increase
may have caused fibrinogen levels to become lower
in this group. Consequently, the difference in fib-
rinogen levels between groups was smaller than
expected. It can be assumed that wearing the mea-
surement device itself contributes to an increase of
EEE by providing an incentive to exercise. In addi-
tion, because the measurement device allowed sub-
jects to view actual EEE, it might affect subjects in
the CG even though they were told not to look at
EEE findings in the device. Thus, biases arising from
the measurement device may have affected the
results of fibrinogen levels in our study. From a ben-
eficial point of view on wearing the measurement
device, it is expected to have an effect on not only
exercise behavior but also eating or smoking habits.
On the other hand, in general, we should be con-
cerned that some people may not be willing to wear
measurement devices.
Second, because the off-site individualized walk-
ing program was an individual-based activity in which
subjects were actively involved in planning the time
and place of exercise and practice by themselves,
the daily amount of exercise during the 12-week
study varied among IG subjects. Thus, fibrinogen
levels might not be simultaneously altered by the
walking program in all subjects at the end of the 12-
week study.A previous study showed that a 12-week
Effect of an Off-Site Walking Program
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Table 2
Mean Changes in Exercise Energy Expenditure and Fibrinogen Levels from the Baseline Value to the End Value in
the Intervention and Control Groups
Intervention group (n = 24) Control group (n = 25)
pb
Baseline End (Change) Baseline End (Change)
EEE (kcal/kg/day) 3.56 ± 0.69 4.73 ± 1.02 (1.17 ± 0.98) 3.42 ± 0.87 3.88 ± 0.81 (0.46 ± 0.68) .01
Fibrinogen (mg/dl) 254.8 ± 54.7 246.8 ± 52.9 (–8.3 ± 34.5) 256.7 ± 50.6 253.0 ± 49.2 (–3.6 ± 40.0) .68
TC/HDL-Ca 3.1 ± 0.9 3.2 ± 0.8 (0.1 ± 0.3) 3.0 ± 0.7 3.2 ± 0.9 (0.2 ± 0.4) .10
Note. Values are mean ± SD. EEE = exercise energy expenditure; TC = total cholesterol; HDL-C = high-density lipoprotein cholesterol.
aTC/HDL-C is the ratio of atherosclerosis index; bunpaired Student’s t test to test changes from baseline and end value between the two
groups.
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conditioning program (exercise bicycle, 3 times a week
for 30 minutes) led to a 6% decrease in fibrinogen
levels (EI-Sayed & Davies, 1995). In contrast, the 3%
decrease in fibrinogen levels in IG subjects in our
study may be a result of exercise type, which was an
individually based off-site walking program. It may
be necessary to discuss time points to collect blood
samples for evaluation of the exercise effects on fi-
brinogen after the intervention is ended.We measured
fibrinogen levels soon after intervention on the first
day of week 13. The time points of blood sampling
for adequate evaluation remain to be examined.
Third, our small sample size may have affected
our ability to detect significant differences in fi-
brinogen levels (Type II error). We needed 74 sub-
jects, but could only recruit 52. Thus, the study was
not powered to reach statistical significance. Fourth,
it has been reported that a high baseline value or
abnormal serum lipids values tend to shift to the
mean by exercise intervention and to show a large,
significant change (Lokey & Tran, 1989). Lokey and
Tran did not report on fibrinogen, but this tendency
of abnormal values to normalize may apply to fi-
brinogen levels, based on the effects of exercise on
those variables. We assumed such a tendency to the
mean value did not occur because most of the base-
line data in our study appeared within the range of
normal values, and consequently significant changes
in fibrinogen were not found. For example, one of the
influential factors on fibrinogen levels in relation to
physical activity is high BMI which increases fibrino-
gen levels (Mora, Lee, Buring, & Ridker, 2006). How-
ever, because the range of BMI in our study was
within the upper level of normal values, fibrinogen
levels were unlikely to be influenced by BMI. Simi-
larly, the lack of changes in fibrinogen levels in our
study might be explained by fact that fibrinogen
levels were within normal values to begin with.
Because atherosclerotic changes in women are
already present at early adulthood (Miyazaki et al.,
1998), a small change in fibrinogen levels might be
beneficial if it functions as a protective factor against
atherosclerosis, which progresses with age (DeSouza,
Jones, & Seals, 1998). Even though there were
insignificant findings regarding fibrinogen levels, the
small decrease of fibrinogen in IG subjects may
indicate a preventive effect, taking into account our
small sample size. Such a potential preventive effect
in early adulthood may be beneficial based on cur-
rent findings that indicate an increased fibrinogen
level is a risk factor for cardiovascular disease in
Japanese women (Sakakibara et al., 2004), and also
that young persons with a high probability of hav-
ing advanced atherosclerotic lesions were associated
with earlier atherosclerotic lesions (McMahan et al.,
2006). In addition, because coronary events increase
linearly with fibrinogen levels (Mora, Cook, Buring,
Ridker, & Lee, 2007; Rothwell et al., 2004), it is crit-
ical to control fibrinogen levels within normal val-
ues because fibrinogen levels increase with aging
and the menopause (Sakakibara et al.; van den Burg
et al., 2000). If a walking program is used for long life
exercise, a decrease in fibrinogen might be expected
because physically active people maintain its levels
at a lower value (Pitsavus et al., 2005). However,
future studies are needed to confirm this hypothesis
for developing effective and safe exercise intervention
as the study encourages implementation of increasing
energy expenditure in the premenopausal period of
life (Kocic, Spirovski, Ciric, & Velija-Asimi, 2007).
Some limitations to our study should be noted.
The small sample size did not allow us to detect sig-
nificant differences between groups, and EEE was
only measured during walking-based physical activ-
ity, that is, it was not measured during any other
type of activity. Another study limitation is that
other factors (except BMI and TC/HDL-C ratio)
that may influence fibrinogen levels, such as white
blood cells, C-reactive protein, and other inflamma-
tory indicators, were not studied. Further studies
should include those factors because coronary heart
disease is an inflammatory process, and physical
activity has been shown to reduce coronary heart
disease risk by modifying levels of inflammatory and
coagulation factors (Abramson & Vaccarino, 2002;
Panagiotakos et al., 2005).
Although some limitations to this study exist,
we were able to study the effects of exercise on fi-
brinogen levels objectively using a control group.
Other studies have measured exercise through a
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self-reported questionnaire (Koffman et al., 1999;
Piazza et al., 2001), which is less objective than the
measurement device we used. Also, our study might
bring a contribution to understanding women’s car-
diovascular health because female subjects in car-
diovascular-related studies were less often compared
with studies on male subjects.
In conclusion, the effects of the off-site walking
program on fibrinogen levels in women were incon-
clusive even though the program increased EEE. As
implications for nursing practice, our findings have
implied that fibrinogen levels are not a novel cardio-
vascular risk factor anymore, and provide important
information on safe exercise to minimize adverse
effects from fibrinogen arising from exercise intensity,
especially in women with advanced atherosclerosis,
when nurses decide to increase exercise levels. Fur-
ther studies with larger sample sizes in women to
confirm the effect of exercise on reducing fibrinogen
levels are necessary.
ACKNOWLEDGMENTS
The authors would like to thank to Goro Komiyama,
MD, PhD, and Hiroshi Yokochi for advice on the
measurement device, and Setuko Miyanishi for tech-
nical assistance in the preparation of the blood sample.
REFERENCES
Abramson, J. L., & Vaccarino, V. (2002). Relationship
between physical activity and inflammation among
apparently healthy middle-aged and older US adults.
Archives of Internal Medicine, 162, 1286–1292.
Ahmadizad, S., EI-Sayed, M. S., & Maclaren, D. P. (2006a).
Responses of platelet activation and function to a single
bout of resistance exercise and recovery. Clinical
Hemorheology and Microcirculation, 35, 159–168.
Ahmadizad, S., EI-Sayed, M. S., & Maclaren, D. P. (2006b).
Effects of water intake on the responses of haemorhe-
ological variables to resistance exercise. Clinical
Hemorheology and Microcirculation, 35, 317–327.
Bodary, P. F., Yasuda, N., Watson, D. D., Brown, A. S.,
Davis, J. M., & Pate, J. M. (2003). Effects of short-term
exercise training on plasminogen activator inhibitor
(PAI-1). Medicine and Science in Sports and Exercise,
35, 1853–1858.
Brunner, E. J., Marmot, M. G., White, I. R., O’Brien, J. R.,
Etherington, M.D., Slavin, B.M., et al. (1993). Gender
and employment grade differences in blood choles-
terol, apolipoprotein and haemostatic factors in the
Whitehall II study. Atherosclerosis, 102, 195–207.
Caspersen, C. J., Pereira, H. A., & Curran, K. M. (2000).
Changes in physical activity patterns in the United
States by sex and cross-sectional age. Medicine and
Science in Sports and Exercise, 32, 1601–1609.
Cohen, J. (1988). Statistical power analysis for the behavioral
sciences (2nd ed.). Hillsdale, NJ: Lawrence Erlbaum
Associates.
DeSouza, C. A., Jones, P. P., & Seals, D. R. (1998). Physical
activity status and adverse age-related differences in
coagulation and fibrinolytic factors in women. Arte-
riosclerosis, Thrombosis, and Vascular Biology, 18,
362–368.
EI-Sayed, M. S., Ali, N., & EI-Sayed, A. Z. (2005).
Haemorheology in exercise and training. Sports Medi-
cine, 35, 659–670.
EI-Sayed, M. S., & Davies, B. (1995). A physical condi-
tioning program does not alter fibrinogen concentra-
tion in young healthy subjects. Medicine and Science in
Sports and Exercise, 27, 485–489.
El-Sayed, M. S., Jones, P. G., & Sale, C. (1999). Exercise
induces a change in plasma fibrinogen concentration:
Fact or fiction? Thrombosis Research, 96, 467–472.
El-Sayed, M. S., Sale, C., Jones, P. G., & Chester, M.
(2000). Blood hemostasis in exercise and training. Med-
icine and Science in Sports and Exercise, 32, 918–925.
Fransson, E. I., Alfredsson, L. S., de Faire, U. H., Knutsson,
A., & Westerholm, P. J. (2003). Leisure time, occupa-
tional and household physical activity, and risk fac-
tors for cardiovascular disease in working women
and women: The WOLF study. Scandinavian Journal
of Public Health, 31, 324–333.
Furukawa, F., Kazuma, K., Kawa, M., Miyashita, M.,
Niiro, K., Kusukawa, R., et al. (2003). Effects of an
off-site walking program on energy expenditure,
serum lipids, and glucose metabolism in middle-aged
women. Biological Research for Nursing, 4, 182–191.
Germing, A., von Dryander, S., Machraoui, A., Bojara, W.,
Lawo, T., Grewe, P., et al. (2000). Hyperfibrinogene-
mia increases the risk of cardiac events after coronary
artery stenting. Heart and Vessels, 15, 263–267.
Effect of an Off-Site Walking Program
Asian Nursing Research ❖ March 2008 ❖ Vol 2 ❖ No 1
05-ANR-E1101.qxd  3/22/2008  4:31 PM  Page 43
Hilberg, T., Nowacki, P. W., Muller-Berghaus, G., &
Gabriel, H. H. (2000). Changes in blood coagulation
and fibrinolysis associated with maximal exercise and
physical conditioning in women taking low dose oral
contraceptives. Journal of Science and Medicine in
Sport, 3, 383–390.
Hughes, S. (2003). Novel cardiovascular risk factors. Jour-
nal of Cardiovascular Nursing, 18, 132–138.
Kocic, R., Spirovski, D., Ciric,V., & Velija-Asimi, Z. (2007).
Impact of diet, physical activity, lipid status and 
glycoregulation in estimation of score (systematic coro-
nary risk evaluation) for ten years in postmenopausal
women. Bosnian Journal of Basic Medical Science, 7,
197–204.
Koenig, W., & Ernst, E. (2000). Exercise and thrombosis.
Coronary Artery Disease, 11, 123–127.
Koffman, D. M., Bazzarre, T., Mosca, L., Redberg, R.,
Schmid, T., & Awttiqnev, W. A. (1999). An evaluation
of Choose to Move 1999: An American Heart Associ-
ation physical activity program for women. Archives
of Internal Medicine, 16, 2193–2199.
Lee, K. W., Blann, A. D., Ingram, J., Jolly, K., & Lip, G. Y.
(2005). Incremental shuttle walking is associated with
activation of haemostatic and haemorheological
markers in patients with coronary artery disease: The
Birmingham rehabilitation uptake maximization
study (BRUM). Heart, 91, 1413–1417.
Lokey, E.A., & Tran, Z.V. (1989). Effects of exercise train-
ing on serum lipid and lipoprotein concentrations 
in women: A meta-analysis. International Journal of
Sports and Medicine, 10, 424–429.
McMahan, C. A., Gidding, S. S., Malcom, G. T., Tracy, R.
E., Strong, J. P., & McGill, H. C., Jr. (2006). Pathobio-
logical determinants of atherosclerosis in youth risk
scores are associated with early and advanced athero-
sclerosis. Pediatrics, 118, 1447–1455.
Ministry of Health, Labor and Welfare, Japan. (2004).
The national nutritional survey in Japan, 2002 [in
Japanese]. Tokyo: Daiichi.
Miyazaki, H., Sasaki, M., Ueya, E., Koseki, S., Ohno, H., &
Haga, H. (1998). The influence of physical activity 
on the pulse wave velocity in adult women [in Japanese
with English abstract]. Geriatric Medicine, 36,
289–94.
Montgomery, H. E., Clarkson, P., Nwose, O. M., Mikailidis,
D. P., Jagroop, I. A., Dollery, C., et al. (1996). The
acute rise in plasma fibrinogen concentration with
exercise is influenced by the G-453 -A polymorphism
of the β-fibrinogen gene. Arteriosclerosis, Thrombosis,
and Vascular Biology, 16, 386–391.
Mora, S., Cook, N., Buring, J. E., Ridker, P. M., Lee, I. M.
(2007). Physical activity and reduced risk of cardio-
vascular events: Potential mediating mechanisms.
Circulation, 116, 2110–2118.
Mora, S., Lee, I. M., Buring, J. E., & Ridker, P. M. (2006).
Association of physical activity and body mass index
with novel and traditional cardiovascular biomarkers
in women. Journal of the American Medical Association,
295, 1412–1419.
Muller, J. E., Tofler, G. H., & Stone, P. H. (1989). Circa-
dian variation and triggers of onset acute cardiovascu-
lar disease. Circulation, 79, 733–743.
Mustonen, P., Lepantalo, M., & Lassila, R. (1998). Physi-
cal exertion induces thrombin formation and fibrin
degradation in patients with peripheral atherosclero-
sis. Arteriosclerosis Thrombosis Vascular Biology, 18,
244–249.
Nakamura,Y., Sakata, K., Ojima,T.,Tanihara, S., & Yanagawa,
H. (1997). Estimation of the future numbers of
patients with circulatory disease in Japan based on the
results of national patients surveys. Japanese Journal of
Public Health, 44, 265–272.
Panagiotakos, D. B., Pitsavos, C., Chrysohoou, C., &
Kavouras, S. (2005). The associations between leisure-
time physical activity and inflammatory and coagula-
tion markers related to cardiovascular disease: The
ATTICA study. Preventive Medicine, 40, 432–437.
Piazza, J., Conrad, K., & Wilbur, J. (2001). Exercise
behavior among female occupational health nurses.
Journal of the American Association of Occupational
Health Nurses, 49, 79–86.
Pitsavus, C., Panagiotakos, D. B., Chrysohoou, C.,
Kavouras, S., & Stefanadis, C. (2005). The associations
between physical activity, inflammation, and coagula-
tion makers, in people with metabolic syndrome: The
ATTICA study. European Journal of Cardiovascular
Prevention and Rehabilitation, 12, 151–158.
Raider, P. M., Stampfer, M. J., & Rifai, N. (2001). Novel
risk factors for systemic atherosclerosis: A comparison 
of C-reactive protein, fibrinogen, homocysteine,
lipoprotein(a), and standard cholesterol screening as
predictors of peripheral arterial disease. Journal of the
American Medical Association, 258, 2481–2485.
Rogers, F., Juneau, M.,Taylor, C. B., Haskell,W. L., Kraemer,
H. C., Ahn, D. K., et al. (1987). Effectiveness of self-
monitored, home-based moderate-intensity exercise
F. Furukawa et al.
44 Asian Nursing Research ❖ March 2008 ❖ Vol 2 ❖ No 1
05-ANR-E1101.qxd  3/22/2008  4:31 PM  Page 44
45
training in middle-aged men and women. American
Journal of Cardiology, 60, 66–70.
Rothenbacher, D., Koenig, K., & Brenner, H. (2006). Life-
time physical activity patterns and risk of coronary
heart disease. Heart, 92, 1319–1320.
Rothwell, P. M., Howard, S. C., Power, D. A., Gutnikov, S.
A., Algra, A., van Gijn, J., et al. (2004). Fibrinogen
concentration and risk of ischemic stroke and acute
coronary events in 5113 patients with transient
ischemic attack and minor ischemic stroke. Stroke, 35,
2300–2305.
Sakakibara, H., Fujii, C., & Naito, M. (2004). Plasma 
fibrinogen and association with cardiovascular risk
factors in apparently healthy Japanese subjects. Heart
and Vessels, 19, 114–118.
Schuit, A. J., Schouten, E. G., Kluft, C., de Maat, M.,
Menheere, P. P., & Kok, F. J. (1997). Effect of strenu-
ous exercise on fibrinogen and fibrinolysis in healthy
elderly men and women. Journal of Thrombosis and
Haemostasis, 78, 845–851.
Suzuki, I., Kawasaki, N., & Shimizu, H. (1997). Accuracy
of calorie counter method to assess daily energy
expenditure and physical activities in athletes and
nonathletes. Journal of Sports Medicine and Physical
Fitness, 37, 131–136.
Tisi, P. V., Hulse, M., Chulakadabba, A., Gosling, P., &
Shearman, C. P. (1997). Exercising training for 
intermittent claudication: Does it adversely affect
biochemical markers of the exercise-induced inflamma-
tory response? European Journal of Vascular and
Endovascular Surgery, 14, 344–350.
van den Burg, P. J. M., Hospers, J. E. H., Mosterd, W. L.,
Bouma, B. N., & Huisveld, I. A. (2000). Aging, physi-
cal conditioning, and exercise-induced changes in
hemostatic factors and reaction products. Journal of
Applied Physiology, 88, 1558–1564.
van den Burg, P. J. M., Hospers, J. E. H., van Vliet, M.,
Mosterd, W. L., Bouma, B. N., & Huisveld, I. A.
(1995). Changes in haemostatic factors and activation
products after exercise in healthy subjects with different
ages. Thrombosis Haemostasis Journal, 74, 1457–1464.
Wilber, J., Chandler, P., & Miller, A. M. (2001). Measure-
ment adherence to a woman’s walking program.
Western Journal of Nursing Research, 23, 8–32.
Yanagibori, R., Kawakubo, K., Gunnji, A., Aoki, K., &
Miyashita, M. (1993). Effects of 12 ks exercise walk-
ing on serum lipids, lipoproteins and apolipoprotein
in middle-aged women: Does menopause status influ-
ence training effects? [in Japanese with English abstract].
Japanese Journal of Public Health, 40, 456–467.
Effect of an Off-Site Walking Program
Asian Nursing Research ❖ March 2008 ❖ Vol 2 ❖ No 1
05-ANR-E1101.qxd  3/22/2008  4:31 PM  Page 45
